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Covion Organic Semiconductors GmbH c 02038 

Title 

New method for the production of monomeis useful in the manufacture of 
semlconductive polymers 



Field of the Invention 

This invention relates to a new method for the synthesis of monomers and their use inter 
alia in the manufacture of semlconductive polymers. 



Background of the invention 

Electroactive polymers are now frequently used in a number of optical devices such as in 
polymeric light emitting diodes C'PLEDs") as disclosed in WO 90/13148, photovoltaic 
devices as disclosed in WO 86/16449 and photodetectors as disclosed in US 5523556. 
One olass of electroluminescent polymers are polyfluorenes as disclosed In, for 
example, Adv. Mater, 2000 12(23) 1737-1750. These polyfluorenes have the 
advantages of being soluble in conventional organic solvents and have good film forming 
properties. Furthermore, fluorene monomers are amenable to Suzuki or Yamamoto 
polymerisation which enables a high degree of control over the regioregularity of the 
resultant polymer and the formation of block copolymers wherein different blocks have 
different functions as disclosed In WO 00/55927. 

Each fluorene repeat unit of these pDlyfluorenes is normally provided with two 9- 
substituents to modifiy the properties of the polymer. For example, alkyl groups have 
been used as 9-substituents for the purpose of increasing the solubility of the polymer. 
Other substituents, such as phenyl, have also been used. 
The two 9-substituents are often the same for simplicity of manufacture, however this 
means that the fluorene repeat unit Is symmetrio which has been found to be problematic 
in that polymers comprising symmetrical fluorene repeat units have a tendency to 
aggregate. 

To overcome this problem, efforts have been directed towards production of asymmetric 
fluorene monomers, l.e. fluorene monomers wherein the two 9-substftuents are different, 
as disclosed in WO 00/22026 and DE 19846767. Processes disclosed in these 
documents include reaction of fluorenone orbiphenyl^carboxylic acid ester with two 
different organometalilcs. 
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Biphenyl-2-amides are known - see for example WO 00/00374 and US 6329534. 
However, these disclosures do not teach such carboxamides comprising polymerisable 
groups, asymmetric substitution or a method of forming monomers therefrom. 

Tetrahedron Utters 22(39), 3815-3818, 1981, describes a process of reacting N- 
5 methoxy amides with organometalllc reagents to form ketones. The reaction proceeds 
via a 5-membered intermediate that is resistant to over-reaction to form an alcohol. This 
disclosure is not concerned with the formation of asymmetric systems, polycyclfc 
systems or monomers, 

10 Summary of the Invention 

The present Inventors have found that the prior art methods of forming asymmetric 
compounds, in particular asymmetric fluorene compounds, have drawbacks. When an 
ester starting material is used, the inventors have found that some of the starting 
material may not react at all with the first organometalllc, and the proportion that does 
1 5 react may go on to react with a second equivalent resulting in a symmetric fluorene. 

Additional by-products may also form. Thus, the desired ketone intermediate Is not only 
present In low quantities, it is also difficult to separate from the other products and 
residual starting material, 

It Is therefore a purpose of the present invention to provide a material for production of 
20 an asymmetric monomer that is not susceptible to over-reaction to form a symmetric 
monomer and that does not present difficulties in isolating the desired product. It is a 
further purpose of the Invention to provide a method of forming a monomer via use of 
said material. 

The present inventors have devised a method of forming polycycllc compounds with 
25 asymmetric substituents, in particular compounds suitable for use as monomers, via an 
amide starting material. In addition to the reaction of the amide, the method of the 
present Invention includes the further steps of reacting the resultant ketone with a further 
equivalent of a different organometailic reagent and the yet further step of a ring closing 
elimination reaction. 
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Accordingly, in a first aspect the invention provides a method according to scheme 1 of 
forming a compound of formula (IV): 




(l) (U) (in) 




Civ) 

(Scheme 1) 

said method comprising the steps of: 

5 a) reacting a compound of formula (I) with a compound of formula S 1 -M to give a 

compound of formula 01); 

b) reacting the compound of formula (II) with a compound of formula s 2 -M to give a 
compound of formula (IN); and 

c) eliminating HaX from the compound of formula (III) to give a compound of formula 
10 (IV). 

wherein 

At 1 and Ar 3 are Independently selected from optionally substituted aryl or heteroaryl 
groups; 

X Is selected from 0, 8, MH and NR; 

15 Lisa bond or a linking group of 1 -2 atoms, 

R and R 1 are independently selected from optionally substituted altcyl, alkylaryl, arylalKyl, 
aryl and heteroaryl groups; 
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R 2 Is selected from the group consisting of alkoxy, aryloxy, arylalkytoxy, alkylaryloxy, 
alkylthlo, arylthio. alkylarylthlo. arylalkylthlo; 

' H Is bound to a carbon atom C of Ar 2 ; 

c and the carbon atom of C»X are separated by 3-5 atoms; 

5 S 1 and S 2 are each selected from optionally substituted alKyl, aryl or heteroaryl groups; 

M comprises a metal; and 

M |s linked to S 1 and S a by a carbon-metal bond. 



Preferably, alkyl is CrQuralkyl which can be each straight-chain, branched or cyclic, 
1 0 where one or more non-adjacent CH2 groups may be replaced by oxygen, sulphur, 

-CO-, -COO, -O-CO-, NR 10 -. -<NR 11 R ia )*-A" or-CONR 13 -. In particular preferred methyl, 
ethyl, n-propyl, i-propyl, n-butyl, l-butyl, s-butyl, t-butyl, n-pentyl, s-pentyl, cyclopentyl. n- 
hexyl, cyclohexyl, n-octyl orcyclooctyl, and R 10 , R 11 , R 12 , R 1S are Identical or different 
and are hydrogen or an allphatio or aromatic hydrocarbon radical having 1 to 20 carbon 
15 atoms. 

Preferably, arylalkyl is CrCar-arylalkyt, where one or more non-adjacent CH2 groups 
may be replaced by oxygen, sulphur, -CO-, -COCK -O-CO-, NR 10 -, -(NR 11 R 12 )%A or 
-conr 13 -, in particular preferred <Holyl r m-tolyl, p-tolyl, 2,e-dlmethylphenyl, 2,6- 
diethylphenyl, 2,6-di-hpropylpheny), 2,6-di-t-butylphenyl. o-t-putylphenyl, m-t-butylphenyl 
20 or p-t-butylphenyl, and R 1 °, R 11 , R 12 , R 13 are Identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, alkytaryl is Cr-Cao-alkylaryl, where one or more non-adjacent CH2 groups 
may be replaced by oxygen, sulphur, -CO-, -COO-, -O-CO-, NR 10 -, -(NR 11 R 12 M" or 
-CONR 13 -, in particular preferred benzyl, ethylpheny), propylphenyl, diphenylmethyl, 
25 triphenylmethyl or naphthalinylmethyl, and R 10 R 11 , R 12 . R 18 are identical or different and 
are hydrogen or an aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon 
atoms. 

Preferably, aryl Is Ce-Cao-aryl, in particular preferred phenyl, Mpnenyt. naphthyl, 
anthracenyl,triphenylenyl, [i.rjff.ntBfphenyW-yl, binaphthyl or phenanthreny.l 

30 Preferably, heteroaryl is Cs-Carheteroaryl, in particular preferred 2-pyridyl, 3-pyridyJ, 4- 
pyridyl, chinolinyl, isochinolinyl, acrldinyl, benzoohlnolinyl or benzoisochinolinyl. 

Preferably, alkoxy is C,-C2o-a1koxy, where one or more non-adjacent CH2 groups may 
be replaced by oxygen, sulphur, -CO-, -COO-, -O-CO-, NR 10 -. -(NR 11 R 12 )*niV or 
-CONR 1 S in particular preferred methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy. I- - 
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butoxy, s-butoxy ort-butoxy, and R 10 , R 11 , R 12 , R 13 are identical or different and are 
hydrogen or an aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, arytoxy is Ce-Cso-Aryloxy, in particular preferred phenoxy, naphthoxy, 
biphenyloxy, anthracenyloxy or phenanthrenyloxy. 

5 Preferably, arylalkyloxy is CrCararylalkytoxy where one or more non-adjacent CH2 

groups may be replaced by oxygen, sulphur. -CO-, *COO-, -C-CO-, NR 10 -, -(NR 11 R ia )VA - 
or -CONR 19 -. and R 10 , R 11 , R 12 , R 19 are Identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, alkyiaryJoxy is Cr-Csiralkylaryloxy, where one or more non-adjacent CH2 
10 groups may be replaced by oxygen, sulphur, -CO-, -COO-, -O-CO-, NR 10 -, -(NR 11 R 1Z ) + -A" 
or -CONR 13 -, and R 10 , R 11 . R 12 , R 13 are Identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, alkylthio is Cj-Ca-alkylthio where one or more non-adjacent CH2 groups 
may be replaced by oxygen, sulphur, -co-, -coo-, -o-co-, NR 10 -, -(NR 11 R 12 )*-A" or 
15 -CONR 18 - and R 10 , R 11 , R 12 , R 18 are Identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, arylthlo is C B -C2o-arylthio. 

Preferably, alkylaryithio is (VCaj-alkylarylthlo where one or more non-adjacent CH2 
groups may be replaced by oxygen, sulphur, -CO-, -COO-, -O-CO-, NR 10 -, -(NR 11 R 12 )*-A" 
20 or -CONR 18 -, and R 10 , R 11 . R 12 , R 18 are identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, aryialkylthio Is Cr-Czo-aryla ikylthlo, where one or more non-adjacent CH2 
groups may be replaoed by oxygen, sulphur, -CO-, -coo-, -O-CO-, NR 10 -, -(NR"R 12 )*nA- 
or-CONR 13 -, and R 10 . R 11 , R 12 . R ia are Identical or different and are hydrogen or an 
25 aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Intermediate products (II) and (III) may or may not be Isolated from the reaction mixture 
priorto the subsequent step according to the method of the first aspect of the invention. 

Preferably, Ar 1 and Ar 2 are each phenyl or substituted phenyl. 

30 Preferably, X is O or S. 

Preferably, Lisa bond. 

Preferably. R Is C1-10 alkyl 

Preferably, R 1 is C1-10 alkyl. 

Preferably, R 2 Is C1-10 alkoxy. 
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Preferably, M Is lithium, zinc or Mg-Hal wherein Hel Is a halkte. 

Preferably, S 1 and S 2 are independently selected from optionally substituted aryl or alkyl, 
in particular preferred S 1 and S 2 are different from each other. 

in one preferred embodiment of the first aspect of the invention, Ar 1 and Ar 2 of the 
5 compound of formula (I) are each substituted with a polymerisable group P. 

In a second preferred embodiment of the first aspect of the invention, there is a further 
step of providing each of Ar 1 and Ar 2 of the compound of formula (II), (III) or (IV) with a 
polymerisable group P. 

Preferably, each polymerisable group P is independently selected from a halide, 
10 (preferably chlorine, bromine or iodine, most preferably bromine, or a boron derivative 
group selected from a boronic acid group, a boronic ester group and a borane group. 

The method of the first aspect of the Invention preferably comprises the step of 
polymerising the compound of formula (IV) by reaction of polymerisable group P. 

According to one preferred method of polymerisation, each polymerisable group P is a 
1 5 halide and the compound of formula (IV) is polymerised in a reaotion mixture comprising 
a catalytic amount of a nickel (0) catalyst suitable for catalysing the polymerisation of the 
compound of formula (IV), 

According to another preferred method of polymerisation, at least 1 polymerisable group 
P is a boron derivative group and the compound of formula (IV) is polymerised in a 
20 reaction mixture comprising a catalytic amount of a palladium catalyst suitable for 

catalysing the polymerisation of the compound of formula (IV), and a base sufficient to 
convert the boron derivative functional groups into boronate anionic groups. 

The compound of formula (IV) may or may not be isolated from the reaction mixture in 
which it is formed prior to its polymerisation. 

25 in a second aspect, the invention provides a method for the production of an optical 
device or a component for an optical device, which comprises providing a substrate, 
producing a polymer in accordance with the first aspect of the invention and depositing 
the polymer on the substrate. Preferably, the optical device comprises an 
electroluminescent device. 
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In a third aspect, the invention provides an optionally substituted compound of formula 
(V): 

P — Ai^-Ar 2 — P 
H 




(V) 

wherein Ar\ Ar 4 , U, X, R 1 and R a are as defined in formula (I) of Scheme 1 ; P is 
Independently selected from a halide, preferably chlorine, bromine or iodine, most 
preferably bromine, or a boron derivative group selected from a boronic acid group, a 
boronic ester group and a borane group. H is bound to a carbon atom C of Ar 3 ; and C 
and the carbon atom of C=x are separated by 3-5 atoms. 

Preferably, each Ar 1 and Ar 2 is phenyl or substituted phenyl. 

Preferably, X is O, S. 

Preferably, Lisa bond. 

Preferably, each P Is independently selected from a halide or a boron derivative group 
selected from a boronic acfd group, a boronic ester group and a borane group. 

Preferably, R 1 is C1-10 alkyl. 

Preferably, R a is C1-10 alkoxy. 

Preferably, the compound of the third aspect of the invention is a compound of formula 
(VI): 




(VI) 



Wherein P, R 1 and R* are as defined in formula (V) above. 

The present inventors have surprisingly found that compounds of formula (IV) may be 
prepared according to the method of the invention without over-reaction to form 
symmetric compounds and with the product being obtained in high purity. In particular, 
compounds of formula (TV) may be prepared using compounds of formula (VI). 
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Furthermore, the present inventors have surprisingly found that the method of the 
present invention is effective with standard organometallic reagents (such as 
organolithium or Grjgnard reagents) whereas the prior art methods may only be effective 
with the more reactive reagents such as organolithium. Finally, the present inventors 
5 have found that a wider range of substituents S 1 and / or S z may be provided by the 
method of the invention than by the aforementioned prior art methods. As a result, a 
straightforward route to a wider range of asymmetric monomers is made available which 
in turn provides greater flexibility in terms of synthesis of polymers and copolymers with 
improved solubility, morphology, etc. 

10 

Detailed Description of the Invention 

The method of the invention may be employed to prepare symmetric or asymmetric 
compounds, in particular symmetric or asymmetric fluorenes, wherein both substituents 
are aromatic, in particular phenyl; both substituents are aliphatic, in particular C1-10 
1 5 branched or linear alkyl; or one substituent is aromatic and the other substituent is 
aliphatic. Accordingly, a wide range of materials with differing substituents, and 
therefore different electronio properties, may be prepared. 

The materials prepared in accordance with the invention may be useful as monomers, in 
particular monomers for the preparation of electroactive, more' particularly 
20 semiconducting, polymers. These polymers may be homopoiymers or copolymers. 

The monomers according to the invention preferably comprise only two reactive groups 
P in order that linear polymers be produced, however monomers with more than two P 
groups, e.g. for production of cross-linked polymers, are also within the scope of the 
invention. 

25 The asymmetric monomers according to the Invention may be formed from a range of 
combinations of groups S 1 and S 2 including, but not limited to the following: 

S 1 - unsubstituted phenyl; s* = phenyl bearing one or more alkyl or alkoxy substituents; 

S 1 and S 2 are both phenyl, each bearing a different alkyl or alkoxy substituent and / or 
the same alkyl or alkoxy groups substituted in different positions; 

30 s 1 = optionally substituted phenyl or heteroaryl; S 2 = optionally substituted alkyl; 

S 1 - optionally substituted phenyl; 5 a = optionally substituted heteroaryl. 

The compound of formula (IV) according to the invention is preferably a fluorene bearing 
substituents S 1 and S a . 

The polymers, prepared using monomers according to the invention may be 

35 homopoiymers or copolymers, A wide range of co-monomers for polymerisation with the 
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monomers of the Invention will be apparent to the skilled person- Examples of 
comonomers include trfarylamlnes as disclosed In, for example, WO 99/54385 and 
heteroaryl units as disclosed in, for example, WO 00/46321 and WO 00/55927. 

Particularly preferred triarylamlne repeat units for such copolymers Include units of 
5 formulae 1-6: 




5 



X and Y may be the same or different and are substituent groups. A, B, C and D may be 
10 the same or different and are substituent groups. It is preferred that one or more of X, Y, 
A f B, C and D is independently selected from the group consisting of alkyd aryl, 
perfluoroalkyl, thioalKyl, cyano, alkoxy, heteroaryl! alkylaryl and arylalkyl groups. One or 
more of X, Y, A, B, C and D also may be hydrogen. It is preferred that one or more of X, 
Y, A, B, C and D Is independently an unsubstftuted, IsobutyJ group, an n-alkyl. an n- 
1 5 alkoxy or a trifluoromethyl group because they are suitable for helping to select the 
HOMO level and/or for Improving solubility of the polymer. 
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Particularly preferred heteroaryl repeat units for such copolymers include units of 
formulae 7-24; 




5 wherein Ra and R4 are the same or different and are each independently a substituent 

group. Preferably, one or more of R 1( Ra, R a or R< may be selected from hydrogen, alKyl, 
aryl, perfluoroalkyl, thloalKyl, cyano, alkoxy. heteroaryl. alkylaryl, orarylalkyl. These 
groups are preferred for the same reasons as discussed in relation to X, Y, A, B, C and 
D above. Preferably, for practical reasons, Ra and R4 are the same. More preferably, 
1 0 they are the same and are each a phenyl group. 




15 
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wherein each R s Is Independently selected from hydrogen, optionally substituted aikyl, 
alkoxy. aryl. heteroaryl, arylalkyl, alkylaryi. aryloxy, arylalkyloxy or alkylaryloxy. 

5 

Praferably. optionally substituted aJkyl is C-Cao-alKyl, which can be each straight-chain, 
branched or cyclic, where one or more non-adjacent CH2 groups may be replaced by 
oxygen, sulphur, -CO-, -COO, -OCO-, NR 10 -, -(NR 11 R 12 )*-A- or-CONR tB -. in particular 
preferred methyl, ethyl, n-propyl, l-propyl. n-butyl, i-butyl, s-butyl, t-butyl. n-pentyl. s- 
1 0 pentyl. cydopentyl, n-hexyl, cyclohexyl, n-octyt or cyclooctyl, and R 10 . R 11 , R 12 . R ia are 
Identical or different and are hydrogen or an aliphatic or aromatic hydrocarbon radical 
having 1 to 20 carbon atoms. 

Preferably, aiylalky) Is Cr-Cao-arylalkyl, where one or more non-adjacent CH2 groups 
may be replaced by oxygen, sulphur, -CO-, -COO-, -O-CO-, NR 10 -. -(NR 11 R ia r-A* or 
1 5 -CONR 18 -, in particular preferred o4olyl, m4oly|, p-tolyl, 2,6-dimethylphenyl, 2,6- 

dlethylphenyl, 2,6-dl-l-propylphenyl, 2,6-dK-butylphenyl, o4-butylphenyl, m-t-butylphenyl 
or p«t-butylphenyl. and R 10 , R 11 . R 1S , R 19 are Identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

Preferably, alkylaryl Is CrQso-alkylaryl, where one or more non-adjacent CH2 groups 
20 may be replaced by oxygen, sulphur, -CO-, -COO-, -0-CO-, NR 10 -. -CNR^Y-A" or 
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-CONR 13 -, In particular preferred benzyl, ethylphenyl, propylphenyl, djphenylmethyl, 
trfphenylmethyl or naphthalinylmethyl, and R 10 , R 11 , R w , R 13 are identical or different and 
are hydrogen or an aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon 
atoms. 

5 Preferably, aryl Is C r C 20 -aryl, in particular preferred phenyl, bfphenyl, naphthyl, 
anthracenyl, trlphenylenyl, H.1 W1terphenyl-2'-yl, binaphthyl orphenanthreny.l 

Preferably, heteroaryl is Cs-Carheteroaryl, in particular preferred 2-pyridyl, 3-pyridyl, 4- 
pyridyl, chinolinyl, isoohinolinyl, acridinyl, benzoehlnoiinyl or ben2oisochlnollnyl. 

Preferably, alkoxy is ^-Caj-alkoxy, where one or more non-adjacent CH2 groups may 
10 be replaced by oxygen, surphur, -CO-, -COO-, -0-CO-, NR 10 -, -(NR 11 R 12 )*-A _ or 

-CONR 13 -, In particular preferred methoxy. ethoxy, n-propoxy, l-propoxy, n-butaxy, i- 
butoxy, s-butoxy or t-butoxy, and R ,D , R 11 , R ,a , R 1S are Idsntlcal or different and are 
hydrogen or an aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms, 

Preferably, aryloxy is C 8 -Cao-Aryloxy. in particular preferred phenoxy, naphthoxy, 
1 5 bipheny loxy , anthracenyloxy or phenanthreny loxy. 

Preferably, arylalkyloxy is CrC 8D -aiylalkyloxy where one or more non-adjacent CH2 
groups may be replaced by oxygen, sulphur, -co-, -coo-, -o-co-, NR 10 -, -(NR 11 R 12 )*-A" 
or -CONR 19 -, and R 1 °, R 11 , R 12 , R 13 are identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

20 Preferably, alkylaryloxy is CrCaralkylaryloxy, where one or more non-adjacent CH2 

groups may be replaced by oxygen, sulphur, -CO-, -COO*, -O-CO-, NR 10 -, -(NR 11 R 1Z )*-A - 
or -CONR 19 -, and R 10 , R 11 , R 1Z , R 18 are Identical or different and are hydrogen or an 
aliphatic or aromatic hydrocarbon radical having 1 to 20 carbon atoms. 

25 The polymer may have hole transporting, electron transporting and / or emissive 

properties. The polymer may have one or more of these properties. Where the polymer 
has more than one of these properties, different properties may be provided by different 
segments of the polymer, in particular segments of the polymer backbone as described 
In WO 00/55g27 or pendant groups as described In WO 02/26859. Alternatively, If the 

30 polymer of the invention has only one or two of the properties of hole transport, electron 
transport and emission, it may be blended with one or more further polymers having the 
remaining required property or properties. 

Preferred methods for polymerisation of these monomers are Suzuki polymerisation as 
described in, for example, WO 00/53656 and Yamamoto polymerisation as described in, 
35 for example, T. Yamamoto/'Eleotrfoaiiy Conducting And Thermally staple jt- 

Conjugated Poly (arylene) s Prepared by Organometaflic Processes", Progress in 
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Polymer Science 1993, 1 7, 1153-1205 or Stllle coupling. Forexample, in the synthesis 
of a linear polymer by Yamamoto polymerisation, a monomer having two reactive hallde 
groups P is used. Similarly, according to the method of SuzuW polymerisation, at least 
one reactive group P is a boron derivative group. 

5 Suzuki polymerisation may be used to prepare regioregular, block and random 

copolymers. In particular, random copolymers may be prepared when one reactive 
group P Is a halogen and the other reactive group P Is a boron derivative group. 
Alternatively, block or regioregular. in particular AB, copolymers may be prepared when 
both reactive groups of a first monomer are boron and both reactive groups of a second 
10 monomer are halide. 

Polymers made In accordance with the invention may be used in any of the 
aforementioned optical devices. In forming these devices, the polymer may deposited 
from solution by any one of a range of techniques including in particular techniques such 
as spin-coating, InkJet printing as disclosed in EP 0880303, laser transfer as described in 
15 EP 0851714, flexographic printing, screen printing and doctor blade coating. 

A PLED comprises an electroluminescent polymer between an anode and a cathode 
and is supported on a substrate, 

Optical devices tend to be sensitive to moisture and oxygen..- Accordingly, the substrate 
preferably has good barrier properties for prevention of ingress of moisture and oxygen 
20 into the device, the substrate is commonly glass, however alternative substrates may 
be used, in particular where flexibility of the device Is desirable. For example, the 
substrate may comprise a plastic as in US 6268695 which discloses a substrate of 
alternating plastic and barrier layers or a laminate of thin glass and plastic as disclosed 
in EP 0949850. 

25 Although not essential, the presence of a layer of organic hole injection material over the 
anode is desirable as it assists hole injection from the anode into the layer or layers of 
semiconducting polymer. Examples of organic hole injection materials include PEDT / 
PSS as disclosed in EP 0901 1 76 and EP 09471 23, or polyanillne as disclosed In US 
5723873and US 5798170. 

30 The cathode is selected in order that electrons are efficiently injected into the device and 
as such may comprise a single conductive material such as a layer of aluminium. 
Alternatively, it may comprise a plurality of metals, for example a bilayer of calcium and 
aluminium as disclosed in WO 88/10621, or a thin layer of dielectric material such as 
lithium fluoride to assist electron Injection as disclosed in, for example, WO 00/48258. 

35 The device is preferably encapsulated with an encapsulant to prevent ingress of 
moisture and oxygen. Suitable encapsulants include a sheet of glass, films having 
suitable barrier properties such as alternating slacks of polymer and dielectric as 
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disclosed in, for example, wo 01/81 649 or an airtight container as disclosed in, for 
example, WO 01/19142. 

In a practical device, at least one of the electrodes is semi-transparent in order that light 
may be absorbed (in the case of a photoresponslve device) or emitted (in the case of a 
5 PLED). Where the anode Is transparent, it typically comprises indium tin oxide. 
Examples of transparent cathodes are disclosed in, for example, GB 2348316. 

The PLED may be a passive matrix or active matrix device. 
Examples 

10 2-rN-methv[-N-msthoxvamido)-4.4'^dibromQblDhenvl 




OMe 

NMR uses a Varian 400MHz system, using CDC| 3 (unless indicated otherwise) with a 
TMS standard. 



15 (1)2,7-Dlbromofjuorenone 

To a 3L round bottom flask, equipped with reflux condenser, off-gas scrubber, 
mechanical stirrer and nitrogen bubbler was added fjuorenone (100.006g, 0.555 mol), 
phosphorus pentoxlde (110.l48g, 0,776 mol) and trimethylphosphlte (1200 mL). Under 
mechanical stirring, a solution of bromine (63 mL, 1.23 mol) in trimethylphosphlte (200 

20 mL) was quickly added. This clear solution was then heated for 22 hours at 120 °c. The 
mixture was allowed to cool to room temperature, then poured Into 3L of water. When 
sodium thiosulfate was added (50.045g) the mixture turned yellow. Stirring was 
maintained for 1 hour, then the yellow solid was filtered. This solid was heated In 
methanol to remove the mono-brominated compound and gave 176,1 83g (98% pure by 

25 HPLC, 94% yield). 

. . • 1 H.NMR(CPC| 8 X7,73(2H.d, Jj2.0),.7.61.(2H, dd, J 7.6. 2.0), 7.36 (2H, d, V8.0) ; 19 C - 

NMR (CDCI3) 142.3, 137.S. 135.3, 127.9, 123.3, 121.8, 109.8. 
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(2) 4,4'-Dibromo-2-carboxylic acld-I.IMsiphenyl 

To a 5L 3-necked flask, equipped with reflux condenser, nitrogen bubbler and overhead 
mechanical stirrer, was added 2,7-dibromofluorenone (533.0g, 1,582 mol), potassium 
hydroxide (finely powdered flakes, 300.0g, 5.357 mol, 3.39 eq.) and toluene (3000 mL). 
S The resulting mixture was heated at 1 20 °C for six hours then left to cool to room 

temperature. During this time, the appearance of the solution changed from a bright 
orange thin suspension into a completely white, thick suspension. 

In a 10U beaker, equipped with mechanical stirrer was added deionised water and then 
the cooled suspension was added over 3 minutes. The residual material in the flask was 

1 0 rinsed using extra toluene (2 x 500mL). The resulting mixture was stirred at room 

temperature for 30 mins, allowing the potassium salt to dissolve. The toluene phase was 
removed and extracted twice with deionised water (1000mL). The toluene phase was 
then discarded and the aqueous phases combined and acidified to pH 1-3 using 
concentrated hydrochloric acid (10M) added dropwise from a dropping funnel. During 

1 5 this time, the product evolved as a white suspension, The mixture was allowed to settle 
and the excess aqueous removed by deoantation. The resulting product slurry was then 
filtered and the cake rinsed with fresh water flOOOmL) until the liquors were about pH 3- 
4. The cake was air dried and then dried in vacuo for 18h at 65*C. The product was 
afforded as an offwhlte solid (468g, 83%), 1 H NMR ((CD 3 ) 2 CO) 8.00 (1H, d, J 2.0), 7.77 

20 (1 H. dd. J 8.0. 2.4), 7.57 (2H. d, J 8.0), 7.34 (1H, d, J 8.4). 7.29 (2H. d, J 8.8) ; 13 C NMR 
((CD 8 )bCO) 167.1, 140.4, 139.8, 134.2, 133.5, 132.8, 132.7, 131.2, 130.6, 121.4, 121.1. 

(3) 4,4'-Dlbromo-2<-methyl ester-1 ,1 '-bi phenyl 

To a 5L 3-neck round-bottom flask, equipped with reflux condenser, nitrogen bubbler 
25 and mechanical stirrer was added 4,4-dibromo-2-carboxyllc (467.8g, 1 .264 mol) and 
methanol (3000 mL). Sulfuric acid (50 mL) was then added cautiously and the mixture 
then heated to 90 °C for 21 hours. The suspended solid had all dissolved after this time 
to form a transparent solution. The solution was allowed to cool slightly (by about 10°C) 
and then solid sodium carbonate (~75g) added portionwise, until any sign of 
30 effervescence ceased. The hot solution was stirred for 5 mlns then the stirrer stopped 
and the solids allowed to settle. The hot solution was then decanted into a 5L round 
bottom flask equipped with mechanical stirrer (filtering was found to cause rapid 
crystallisation of the product) and allowed to crystallise overnight The solid was 
collected by filtration and washed with cold methanol. The solid was air dried and then 
35 dried in vacuo at 45°c. The product was isolated as a white solid (354g, 76%). 

*H NMR (CPCIa) 7.99 (1H, d, J 2.0), 7.64 (1H, dd, J 8.0. 1.6), 7.51 (2H, d, J 8.4). 7.19 
(1H. d, J 8.8), 7.13 (2H, d. J 8.8) , 3.87 (3H, s) ; 19 C NMR (CDCfs) 167.1. 140.3, 139.1. 
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134,4, 132.9, 132.1, 132.0, 131,3, 129.8, 121.9, 121.5, 52.3. ©CMS: NT = 370, purity 
99.5%+, 

Literature reft J.Am.Chem>Soc„ 114, 1$ (1992) 

5 (4) Amide intermediate; 2-(N,0-dlmethy1am SdoM^'-dibromo-l ,1 '"biphenyl 

To a 6L 3-neck round-bottom flask, equipped with reflux condenser, nitrogen bubbler, 
500mL graduated pressure-equalised addition funnel, internal low temperature 
thermometer (-100 to +30°C) and mechanical stirrer was added 4,4-dibromo2-methyl 
ester-l,1'-blphenyl (716.49g, 1.936mol, 1.0 eq.) in anhydrous THF (1500mL). To the 

1 0 stirred solution was added N,0-dimethylhydroxyiarnine hydrochloride (288g , 3.0 mol, 
1.55 eq.) and the resulting suspension cooled to -20°C. /so-propylmagnesium chloride 
(2.0M in THF) was then added over about 1 h, ensuring the internal temperature of the 
mixture did not rise about -5 9 C. The resulting solution was then allowed to warm to 
ambient temperature over about 1 6h. The reaction mixture was carefully diluted with 

15 toluene (2000ml.) and then quenohed into a 1 0L beaker containing 5L of 2M aqueous 
hydrochloric acid solution. The resulting mixture was stirred at ambient for 30 mins and 
the toluene phase separated. The aqueous phase was extracted with toluene (2000mL) 
and the organic phases combined and evaporated to dryness in vacuo. The resulting 
product was then triturated from MeOH (1500mL). The product (white so(id) was 

20 collected by filtration and washed with cold MeOH (500mL). The product was then dried 
for 16h In vacuo at 45°C. The product was afforded as a white solid (52lg, 67%), purity 
99.6%+ by GCMS. 

This amide, hereinafter referred to as amide 1 was used to prepare a range of 
asymmetrio compounds according to the following scheme, wherein S1, S2 and M are 
25 as defined in the claims. 




S^Ss 2 S 1 -V-OH 
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Ketone 1: 4^'- f>^Tomo^-Dhentflltetone-1.1'-blPhBpyj 



To a 3L, 3-necked round bottom flask, equipped with mechanioal stirrer, low temperature 
thermometer (-100 to t30°C), nitrogen inlet and bubbler, and 500mL graduated 

5 pressure-equalising dropping funnel, was added amide 1 (275.67g, 0,691 mol, 1.0 eq.) 
and anhydrous THF (SOOmL). The resulting suspension was stirred under nitrogen and 
cooled to -5 C C (MeOH-Cardice) and then tert-butylphenylmagnesium chloride (2M In 
diethyl ether, 380mL, 0.76 mol, 1.1 eq.) was added at such a rate as to maintain the 
Internal temperature of the vessel between -5 and 0°C. The resulting suspension was 

1 0 then allowed to warm to room temperature and stirred for 1 6h. 

The reaction mixture was carefully diluted with toluene (1000mL) poured into a 
5L beaker containing 2M aqueous hydrochloric acid solution (20Q0mL) and the mixture 
stirred by a mechanical stirrer for 30 mlns, The stirrer was stopped and the layers 
allowed to settle. The organic phase was removed by residual vacuum transfer and the 

15 aqueous phase extracted with a further 1000mL of toluene. The organic phases were 
combined and concentrated to dryness in vacuo on a rotary evaporator. The resulting 
crude product was suspended in MeOH (1250ml.) and stirred at room temperature for 
16b (trituration). The product was then recovered by filtration using Buchner apparatus 
and the cake washed with fresh MeOH (2 x 350mU). The oake was air dried and the 

20 solid then dried at 45°C in vacuo for 1 6b. 

The product ketone was afforded as a white solid (266.95g t 74%). The product 
was analysed by GC-MS and found to display mte 472 (M+) and a single peak 
(estimated purity 99.8%). 
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Asymmetric compound 1 precursor: 4,4^Dibromo^phenvlf4^tBirt- 
bulvlPhenvim vdroxvmothvM.I'-bitthenvl 




To a 250ml- round bottomed flask, equipped with low temperature thermometer (- 
5 100 to +3Q°C) ) magnetic stirrer bar, 100mL graduated pressure-equalised dropping 
addition funnel and nitrogen Inlet and bubbler was added bromopenzene (7.98g, 
5,35ml-, 50,82mmol, 1,2eq.) and anhydrous THF (50mL) and the resulting solution 
cooled to ~72°C (acetone-cardlce). N-Butyllithlum (2.5M (n hexanes) (22.02mL, 
SS.OBmmol, 1.3eq.) was added dropwise, maintaining the Internal temperature below - 

10 65°C. After complete addition, the solution was maintained at -7Q°C and stirred for 1h- A 
solution of ketone 1 (20.og. 42.35mmol, 1.0eq.) In anhydrous THF (50.0ml.) was added, 
keeping the internal temperature below -60°C, The solution was allowed to warm to 
room temperature over 4h, then quenched into 2M aqueous hydrochloric acid solution 
(250mL). The products weare extracted into toluene (2 x 250ml-), the organic phases 

15 combined and evaporated to dryness in vacuo on a rotary evaporator. IPA was added 
(200mL) and the product crystallised over 16h. The product was recovered by filtration 
and the cake washed with cold IPA (SOrnL). The product was then air dried and dried at 
45X in vacuo for 16h. A second crop was crystallised from the liquors. 

The product was afforded as a white solid (1B,63g, 80%). The product was analysed by 
20 QCMS and displayed an m/z-HaO peak at mfe 532, Purity estimated at 99%+, 

Asymmetric compound 1; 9'Ph^ 




To a 2S0mL round bottomed flask, equipped with magnetic stirrer bar ( reflux 

25 - condenser and nitrogen inlet and bubbler was added asymmetric compound 1 precursor 

(6,87g. 12,5mmo(, 1.0 eq,) and glacial acetic add (100mL), To the stirred suspension at 
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room temperature was added concentrated hydrochloric acid (2mL) and the resulting 
suspension heated to reflux. After 5h at reflux, in-process check indicated the reaction to 
be complete (GCMS). The solution was allowed to cool to room temperature and poured 
into water (200mL) with stirring for 10 mins. This caused precipitation of the product 
5 which was recovered by filtration. The filter cake was washed with water (2 x 100 mL) 
and then displacement wash with MeOH (100mL). The crude product was recrystallised 
from a mixture of acetonrtrile and toluene to afford asymmstric compound 1 as a white 
solid (3.2g. 48%). 

HPLC indicated 39.2% purity. GCMS indicated the correct product (mfe 532). 

10 

Asymmetric Compound 2 Precursor; 4.4'43Ibromo-2-bH>henyIfter^ 
butvlDhenvlthvdroxvmathvM.I'-biDhenvn 




To a 250ml. round bottomed flask, equipped with low temperature thermometer (• 
15 100 to +30 a C), magnetic stirrer bar, 100mL graduated pressure-equalised dropping 
addition funnel and nitrogen inlet and bubbler was added 4-promoblphenyl (I5.99g, 
66.6mmol, l.2eq.) and anhydrous THF (100mU) and the resulting solution cooled to - 
72°C (acetone-Cardjce). N-ButyliKhlum (2.5M in hexanes) (29.73ml., 74.30mmol, 1.3eq.) 
was added dropwfse, maintaining the internal temperature below -65°C. After complete 
20 addition, the solution was maintained at -70°C and stirred for 1h. A solution of ketone 1 
(27.0g, 57.2mmol, 1.0eq.) in anhydrous THF (76mL) was added, keeping the Internal 
temperature <-60°C. The solution was allowed to warm to RT over 4h, and then 
quenched into 2M aqueous hydrochloric acid solution (600ml.). The products were 
extracted into toluene (2 x 350mL), and the organic phases combined and washed to 
25 neutrality with water (3 x SQOmL). The oiganic phases were combined and evaporated to 
dryness in vacuo on a rotary evaporator. MeCN was added (200mL) and the product 
crystallised over 16h. The product was recovered by filtration and the cake washed with 
cold MeCN (50ml-). The product was air dried and then dried at 45°C in vacuo for 16h. A 
second crop was crystallised from the liquors. 
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The product was afforded as a white solid (26.5g, 74%). The product was 
analysed by GCMS and displayed an m/z-HzO peak at m/z 611. Purity estimated at 
95%+. 

5 Asymmetric compound 2: 9-blPhenvl-944^tarl>butvlPhenvn-2.7-dlbroroQfluDrenB 




To a 250mU round bottomed flask, equipped with magnetic stirrer bar, reflux 
condenser and nitrogen inlet and bubbler was added the asymmetric compound 2 
precursor (26g, 41.Smmo|, 1,0 eq.) and glacial acetic add (SQOmL). To the stirred 

10 suspension at room temperature was added concentrated hydrochloric acid (1mL) and 
the resulting suspension heated to reflux. After 2h at reflux, in-process check Indicated 
the reaction to be complete (GCMS). The solution was allowed to cooi to room 
temperature and poured into water (2Q00mL) with stirring for 10 mins. This caused 
precipitation of the product which was recovered by nitration. The filter cake was washed 

15 with water (3 x 1000 ml) and men displacement wash with MeOH (SOOmL). The crude 
product was recrystallised from a mixture of acetonitrile and toluene to afford the product 
as a white solid (13.7g. 54%). HPLC indicated 99.42% purity. GCMS indicated the 
correct product (m/z 609). 

20 Asymmetric compound 3 precursors 4 l 4 , ^Dibromo^2-f4 , >tert-butvM.1 , -biDhenvl\- 
ftert4mty|phenvnhvdroxvmBthvM.1'.blPhenvl 
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To a SOOmL round bottomed flask, equipped with low temperature thermometer (- 
100 to +30°C), mechanical stirrer, 100mL graduated pressure-equalised dropping 
addition funnel and nitrogen Inlet and bubbler was added 4-tert-butyM'-bromo-l,r- 
biphenyl (11.36g, 38.28mmol, 1.2eq.) and anhydrous THF (100ml.) and the resulting 

5 solution cooled to -72°c (acstone-Cardice). N-Butyllithium (2.5M In hexanes) (21.28ml.. 
42.55mmol, l.3eq.) was added dropwlse, maintaining the Internal temperature below - 
OS'C. After oomplete addition, the solution was maintained at -70°C and stirred for 1 h. A 
solution of ketone 1 (15.45g. 32.73mmol, 1.0eq.) in anhydrous THF (125.0mL) was 
added, keeping the internal temperature <-60°C. The solution was allowed to warm to 

10 RT over 4h, then quenched into 2M aqueous hydrochloric acid solution (SOOmL). The 
products were extracted Into toluene (2 x SOOmL), the organic phases combined and 
washed with water to neutrality (3 x SOOmL). The toluene phase was evaporated to 
dryness in vacuo on a rotary evaporator. MeCN was added (200mL) and the product 
crystallised over 16h. The product was recovered by filtration and the cake washed with 

15 cold IPA (SOmL). The product was then air dried and dried at 4S"C in vacuo for 16h. A 
second crop was crystallised from the liquors. 

The product was afforded as a white solid (14g, 52%). Purity estimated at 99%+. 

Asymmetric compound 3: 944M9itrbutvM.1'. blDhBnvn^9-f4.t9tt-butv?phenvnA7-r 
20 dlbromofluorene 



Br-Q- 






nS 












- 



To a 1L round bottomed flask, equipped with magnetic stirrer bar, reflux 
condenser and nitrogen inlet and bubbler was added asymmetric compound 3 precursor 
(14g, 20.6mmo[, 1.0 eq.) and glacial acetic add (SOOmL). To the stirred suspension at 
25 room temperature was added concentrated hydrochloric acid (2mL) and the resulting 
suspension heated to reflux. After 3h at reflux, in-process check Indicated the reaction to 
be complete (GCMS). The solution was allowed to cool to room temperature and poured 
into water (2000mL) with stirring for 10 mins. This caused precipitation of the product 
which was recovered by filtration. The filter cake was washed with water (2 x 1000 mL). 
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The crude product was recrystalllsed from a mixture of acetonftrile and toluene to afford 
asymmetric compound 3 as a white solid (10.63g, 78%). 

HPLC indicated 99.6% purity. GCMS indicated the correct product (mfe 664). 

5 Asymmetric compound 4 precursor: A.4'^dibremo ^-f4>terNbu1vlPhenvn-2-thianvl- 
hydrmtviiieth , yl*1 .1 Sbinhenvl 



Br -0 






-OH 




'Q. 





To a 500mL round bottomed flask, equipped with low temperature thermometer (- 
10 100 to +30°C). mechanical stirrer, lOOmL graduated pressure-equalised dropping 
addition funnel and nitrogen inlet and bubbler was added 2-bromothiophene (6.21 g, 
38.11mmol. l.2eq.) and anhydrous THF (100mp and the resulting solution cooled to - 
72°C (acetone-cardice). N-Butyllithium (2.5M in hexanes) (20.64mL. 41.29mmol, 1.3eq.) 
was added dropwise, maintaining the internal temperature below -65°C. After complete 
16 addition, the solution was maintained at -70 P C and stirred for 1h. A solution of ketone 1 
(15.0g, 31.76mmo|, 1.0eq.) in anhydrous THF (125.0ml-) was added, keeping the 
internal temperature <-60°C. The solution was allowed to warm to RT over 4h, then 
quenched Into 2M aqueous hydrochloric acid solution (500ml-). The products were 
extracted into toluene (2 x 300ml.), the organic phases combined and washed with water 
20 to neutrality (3 x 500mL). The toluene phase was evaporated to dryness In vacuo on a 
rotary evaporator. The product was purified by column chromatography using a mixture 
of dlchloromethane and hexanes (1 : 1). 

The product was afforded as a red solid (15g, 72%). The product was analysed 
by GCMS and displayed an m/z-H 2 o peak at m/z 538. Purity estimated at 96.8%+. 
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Asymmetric compound 4: 9-(4-tart-butv»DhenvlV-9'thlBn>-2-vM.7^i8bromofluorene 




To a SOOmL. round bottomed flask, equipped with magnetic stirrer bar, reflux 
condenser and nitrogen inlet and bubbler was added the asymmetric compound 4 
5 precursor (15.1g, 27.15mmol, 1.0 eq.) and glacial acetic acid (SOOmL). To the stirred 
suspension at room temperature was added concentrated hydrochloric add (2mL) and 
the resulting suspension heated to reflux, After 4h at reflux, in-process check indicated 
the reaction to be complete (GCMS). The solution was allowed to cool to room 
temperature and poured into water (1000mL) with stirring for 10 mins. This caused 
1 0 precipitation of the product which was recovered by filtration. The filter cake was washed 
with water (2 x 1000 mL). The crude product was triturated from hexanes to afford 
asymmetric compound 4 as a dark solid (14g. 90%). 

HPLC indicated >B0% purity. 
15 Ketone 2: 4.4Miibronio-2-n-octoIketone-1.1NbiDhBnvl 

Sidaz 

To a 500mL round bottomed 3-necked flask, equipped with mechanical stirrer, 
reflux condenser, 100mL pressure-equalised dropping addition funnel, nitrogen inlet and 
bubbler and low temperature thermometer (-100 to +30"C) was added amide 1 (30.0g, 

20 75,2mmol, 1.0 eq.) and anhydrous THF (200mL). The resulting solution was stirred 
under nitrogen and cooled to -20°C (MeOH-cardlce), A solution of n-octylmagnesium 
bromide (2.0M in THF, 48,7ml-, 97.7mmol, 1.3eq.) was added dropwise, maintaining the 
Internal solution temperature below -10 4 C. After complete addition, the solution was 
allowed to warm to room temperature overnight The reaction mixture was poured into 

25 2M aqueous hydrochloric aoid solution (SOOmL) and the products extracted into toluene 
(2 x 300mL). The toluene extracts were washed with water (3 x SOOmL). The toluene 
phase was then concentrated to dryness in vacuo using a rotary evaporator. 
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The crude product was purified using column chromatography using 100% 
hexanes to 4 : 1 cjichloromethane : hexanes as eluant Product was isolated as an oil 
(22.91g, 67.4%). GCMS indicated mfe452, purity almost 100%. 

5 Asymmetric compound S precursor : 4.4 , ^Dibromo-2-n-octvl>2" 
phenylhvdraxvmBthyM.I'-biPheiwl 




To a SOOmL round bottomed flasK, equipped with low temperature thermometer (- 
10 100 to +30°C), mechanical stirrer, 1QQmL graduated pressure-equalised dropping 
addition funnel and nitrogen inlet and bubbler was added bromobenzene (9.55g. 
60.79mmal. 1.2eq.) and anhydrous THF (1S0mU) and the resulting solution cooled to - 
72°C (acetone-cardice). N-Butyllithlum (2.5M in hexanes) (26\34ml-, 65.86mmol, 1.3eq.) 
was added dropwlse, maintaining the internal temperature below -65"C. After complete 
15 addition, the solution was maintained at -70°c and stirred for 1h. A solution of ketone 2 
(22.9ig, 50.66mmol, 1,0eq.) in anhydrous THF (125.0mL) was added, keeping the 
internal temperature <-60°C. The solution was allowed to warm to RT over 4h, then 
quenched into 2M aqueous hydrochlorio acid solution (500ml-). The products were 
extracted into toluene (2 x 300mL), the organic phases combined and washed with water 
20 to neutrality (3 x SOOmL). The toluene phase was evaporated to dryness In vacuo on a 
rotary evaporator. The product was purified by column chromatography using a mixture 
of dichloromethanB and hexanes (1 : 4). 

The product was afforded as a colourless oil (12.1g, 45%). The product was 
analysed by GCMS and displayed an m/z-Hnjp peak at mfe 512. Purity estimated at 
25 87%+. 
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Asymmetric compound S: 9-n-octvl-9-ptiBnvN2.7-dlbromofluoranB 



10 




To a SQQmU round bottomed flask, equipped with magnetic stirrer bar, reflux 
condenser and nitrogen inlet and bubbler was added the asymmetric compound 5 
precursor (12.1g, 22.83mmo), 1.0 eq.) and glacial acetic acid (5Q0mL), To the stirred 
suspension at room temperature was added concentrated hydrochloric acid (2mL) and 
the resulting suspension heated to reflux. After 4h at reflux, in-prooess check by GCMS 
indicated the reaction to be complete. The solution was allowed to cool to room 
temperature and poured into water (1000mL) with stirring for 10 mins. This caused 
precipitation of the product which was recovered by filtration. The filter cake was washed 
with water (2 x 1000 mL). The crude product was triturated from hexanes to afford 
asymmetric compound 5 as an oil (10g, 83%). 

GCMS indicated 97.08% purity, 



15 



20 
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Ketone 3: 4,4'-Dibromo-2-phonylkotonB-1,l'-bi phenyl 




To a 2L, 3-necked round bottom flask, equipped with mechanical stirrer, low 
temperature thermometer (-100 to +30°C). nitrogen inlet and bubbler, and 500mL 
graduated pressure-equalising dropping funnel, was added amide 1 (150g, o.37fimol, 
1.0 eq.) and anhydrous THF (500mL). The resulting solution was stirred under nitrogen 
and cooled to -5°C (MeOH-cardiee) and then phenylmagnesium bromide (3M in THF. 
140m L. 0.414 mol, 1.1 eq.) was added at such a rate as to maintain the internal 
temperature of the vessel between -6 and 0 9 C. The resulting suspension was then 
allowed to warm to room temperature and stirred for 18h. 

The reaction mixture was carefully diluted with toluene (1000mL) poured into a 
5L beaker containing 2M aqueous hydrochloric acid solution (2000mU) and the mixture 
stirred by a mechanical stirrer for 30 mins. The stirrer was stopped and the layers 
allowed to settle. The organic phase was removed by residual vacuum transfer and the 
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10 



15 



20 



25 



aqueous phase extracted with a further 1000ml, of toluene. The organic phases were 
combined and concentrated to dryness In vacuo on a rotary evaporator. The resulting 
crude product was suspended in MeOH (750mL) and stirred at room temperature for 16h 
(trituration). The product was then recovered by filtration using Buchner apparatus and 
the cake washed with fresh MeOH (2 x 250mL). The cake was air dried and the solid 
then dried at 45°C In vacuo for 16h. 

The product ketone was afforded as a white solid (147.84g, 94%). The product 
was analysed by GC-MS and found to display m/z 416 (M+) and a single peak 
(estimated purity 89.8%). 

Asymmetric compound fi precursor 4.A'-dlbromo>2-phenv)(4: 
dflcvloxtfPhenyl)hvdroxvm BthvM.1'..blDheiwn 




To a 250mL round bottomed flask, equipped with low temperature thermometer (- 
100 to +30 6 C), magnetic stirrer bar, 100ml. graduated pressure-equalised dropping 
addition funnel and nitrogen inlet and bubbler was added 4-decyloxybenzene (ie.5g, 
sa.ommoi, i,lq.) and anhydrous THF (100ml.) and the resulting solution cooled to - 
72°C (aeetone-cardlce). N-Butylllthfum (2.5M in hexanes) (23.0ml-, S8.0mmol, 1.2eq.) 
was added dropwise. maintaining the Internal temperature below -65°C. After complete 
addition, the solution was maintained at -70 8 C and stirred for 1h. A solution of ketone 3 
(20.0g, 48.0mmol, 1.0eq.) in anhydrous THF (50.0mL) was added, keeping the Internal 
temperature <-60°C. The solution was allowed to warm to RT over 4h, then quenched 
Into 2M aqueous hydrochloric acid solution (250mL). The products were extracted Into 
toluene (2 x 250mW, the organic phases combined and evaporated to dryness In vacuo 
on a rotary evaporator. IPA was added (200mU) and the product crystallised over 16h. 
The product was recovered by filtration and the cake washed with cold IPA (50mL). The 
product was then air dried and dried at 45°c in vacuo for 16h. 

The product was afforded as a white solid (18.6g, 90%). The product as analysed by 
GCMS showed a mixture of products. 
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Asymmetric compound g precursor; 2.7-dibromo^phBnyl>^-f4^ 
decyloxyphenv^nuorenB 




Asymmetric compound 6 was prepared by dehydration of asymmetric compound 5 
5 according to the method described above for the preparation of asymmetric compound 
1. 

Pjnacol djsster of asymmetric compound 1 (method 1); 9-p hBnvt-9-tert- 
butvlphenvIfluorenB-2.7-pinacolatohoron BB tgr 




1° To a 3-necked round bottomed 2|- flask, equipped with mechanical stirrer, reflux 

condenser, nitrogen inlet and bubbler, low temperature thermometer (-100 to +30°C) and 
pressure-equalised, 250mL graduated dropping addition funnel (inerted with nitrogen 
before use) was added asymmetric compound 1 (54.97g, 0.103mol, 1.0 eq.) and 
anhydrous THF (550mL>. The resulting solution was cooled to -78°C (acetone-caidice) 

15 and n-butyliithium (2.5M In hexanes) (90.64mL, 0.227mol, 2.2 eq.) was added dropwise 
so as to maintain the Internal temperature below -65»C. After complete addition, the 
solution was stirred at -78f6C for a further 1h, before the addition of triisopropylborate 
{SB.12g, 71ml-. 0.309mol, 3.0 eq.) dissolved in anhydrous THF (160mL), again 
maintaining the internal temperature below -e5°C. The resulting solution was then 

20 allowed to warm slowly to room temperature. 

The solution was cooled to 0 a C (icewater) and HCI in ether solution (2M) 
(134mL, 0.27mol, 2.6 eq.) was added and the solution allowed to warm to room 
temperature before filtering through a No. 3 porosity sinter funnel (to remove precipitated 
manganic salts). The solvent was removed in vacuo and the residue re-dissolved in 
25 toluene (250mL). The solution was cooled and filtered (paper) into a 11. flask. Pinacol 



JB.UtM .CXK3C 
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(58.12g, 0.27mol, 3.0Bq.) was added, followed by para-toluenesulfonfc add (1g) and the 
reaction heated under Dean-Stark conditions for 4h. The solution was allowed to cool 
and 2g of potassium carbonate added. The mixture was stirred for 30mlns at RT, filtered 
and the solution concentrated to dryness in vacuo. The solid was recrystalllsed from a 
5 toluBne/acetonltrile mixture to afford the product, which was recovered by filtration. 

The product was dried at 45°C for 16h. The title compound was afforded as a 
white solid (43g, 66%). HPLC Indicated a purity (npa) of 93%. 

Plnacol dlester of asymmet ric compound 1 /method 2U 9-phenvU9-tert- 
10 butvtohBnvlfluorene«2.7 j»inacolatohoron ester 



To a SOOmL 3 nsck round bottomed flask, equipped with reflux condsnser, 
mechanical stirrer and septum oap (coolsd under nitrogen before use) was added 
asymmetric compound 1 (33g, 62mmol, 1.0eq.), anhydrous toluene (400mL) f PdCI 2 [(o- 

15 toDaPk (2.44g, 3.1mmol. Bmol%) and ortho-tolylphosphine <1.89g, 10mol%). The 
solution was degassed by sparging with nitrogen for 1 hour, then triethylamine (37.64g, 
0.186mmol. 6.0 eq.) added, followed by degassing tor 15 mins. Pinacolborane (23.80g, 
0.1fi6mol, 3.0eq.) was then added and the solution heated to reflux for 4h. The reaction 
mixture was allowed to cool to room temperature and than filtered through a short pad of 

20 silica gel, eluting with toluene (500mL), The toluene solution was concentrated to 
dryness in vacuo. The crude solid was then purified by rscrystallisatlon from a 
toluene/acetonttrlie mixture to afford the product, which was recovered by filtration. 

The product was dried at 45°c for 16h. The title compound was afforded as a 
white solid (15g, 39%). HPLC indicated a purity (npa) of 99%. GC-MS indicated the 

25 correct mass (mfe 626). 
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Comparative Example 

Synthesis of ketone 1 was attempted in accordance with the method described above, 
except that ester 1 , shown below, was used In place of amide 1 : 

Ester 1 

Br -0^0~ Br 

EtO 

5 The product mixture was found to comprise starting material, Ketone 1 and the alcohol 
resulting from over-reaction of ketone 1 with the Grignard reagent. Difficulty was 
encountered in attempting to separate these products. 

Although the present invention has been described in terms of specific exemplary 
embodiments, it will be appreciated that various modifications, alterations and / or 
10 combinations of features disclosed herein will be apparent to those skilled in the art 
without departing from the spirit and scope of the invention as set forth in the following 
claims. 
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Claims C02038 
1) A method of forming a compound of formula (IV): 



Ar 1 — Ar 2 Ar 1 — Ar 2 Ar^Ai 2 



Ar 1 — Ai 

L ft (. ft — *- I H 




1 -^r* 



(IV) 



said method comprising the steps of: 

a) reacting a compound of formula (I) with a compound of formula S 1 -M to give a 
compound of formula (II); 

p) reacting the compound of formula (II) with a compound of formula S 8 -M to give a 
compound of formula (III); and 

c) eliminating HsX from the oompound of formula (III) to give a compound of formula 
(IV). 

wherein 

Ar 1 and Ar 8 are independently selected from optionally substituted aryl or heteroaiyl 
groups; 

x is selected from 0, 8, NH and NR; 
Lisa bond or a linking group of 1-2 atoms. 

Rand R 1 are independently selected from optionally substituted alkyl, arylj.alfcyla.ryU... 
arylalkyl and heteroary groups; 



039 30.10.2002 16:49:1 



33 

R 2 is selected from the group consisting of alkoxy, aryloxy, arylalkyloxy, alkylaryloxy, 
alkylthio. arylthio, alkylaryithio and arylalkylthio; 

H is bound to a carbon atom C of Ar 2 ; 

C and the carbon atom of C=X are separated by 3-5 atoms; 

5 S 1 and S 2 are each selected from optionally substituted alkyl, aryl or heteroaryl 

groups, 

M comprises a metal; and 

M is linked to s 1 and s 2 by a carbon-metal bond. 

10 2) A method according to claim 1 wherein alkyl is GrCao-alkyl, aryiaikyl is c^Car 
aryiaikyi, alkylaryl Is CrCm-alkylaryl. aryl Is Ce-Cw-aryl. heteroaryl is Ca-Cjar 
heteroaiyl, alkoxy is CrCn-alkoxy, aryloxy is C 6 -C2D-Aryloxy, arylalkyloxy is CrCaor 
arylalkyloxy, alkylaryloxy Is Cr-Cao-alkylaryloxy. alkylthlo is (VCapalkylthio, arylthio is 
Cs-Caa-arylthio. alkylarylthlo is Cr-Caralkytarytthlo, arylalkylthio is C^Cararylalkylthio. 

15 

3) A method according to claim 1 wherein Ar 1 and Ar 3 are phenyl or substitute! phenyl. 

4) A method according to claim 1 or 2 wherein X is O or S. 

20 5} A method according to any preceding claim wherein Lis a bond. 

6) A method according to any preceding claim wherein R is CM 0 alkyl. 

7) A method accorclfng to any preceding claim wherein R 1 Is C1-1 0 alkyl. 

25 

8) A method according to any preceding claim wherein R 2 is C1-10 alkoxy. 

9) A method according to any preceding claim wherein M is lithium, zinc or Mg»Hal 
wherein Hai is a halide. 

30 1 0) A method according to any preceding claim wherein S 1 and S 2 are independently 
selected from optionally substituted aryl or alkyl. 
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5 



1 1) A method according to any preceding claim wherein s 1 and s 2 are independently 
selected from optionally substituted aryl or alkyl and S 1 and S 2 are are different from 
each other. 

12) A method according to any preceding claim wherein Ar 1 and Ar 2 of the compound of 
formula (I) are each substituted with a polymerlsable group P. 



13) A method according to any one of claims 1-10 comprising the further step of 
10 providing each of Ar 1 and Ar 2 of the compound of formula (II), (III) or (IV) with a 

polymerisable group P. 



14) A method according to claim 12 or 13 wherein each polymerisable group P is 
independently selected from a halide or a boron derivative group selected from a 

1 5 boronio add group, a boronic ester group and a borane group. 

15) A compound of formula (V): 

P— ArV-Ar 2 — p 



H 



R 1 R 2 
(V) 

wherein 

20 P, Ar 1 , Ar 2 , L. X, R 1 and R 2 are as defined in any one of claims 1-14; 
H Is bound to a carbon atom C* of Ar 2 ; and 
C and the carbon atom of OX are separated by 3-6 atoms. 



16) A compound according to claim 15 wherein each Ar 1 and Ar 2 is phenyl or substituted 
25 phenyl. 

17) A compound according to claim 15 or 16 wherein X is O or S. 



041 30.10.2002 16:49: 



35 

18) A compound according to any one of claims 15-17 wherein Lis a band. 

19) A compound according to any one of claims 15-18 wherein each P is independently 
selected from a halrde or a boron derivative group selected from a boronfc acid 

5 group, a boronic ester group and a borane group. 

20) A compound according to any one of claims 15-19 wherein R 1 is C1 -10 alKyl. 

21) A compound according to any one of claims 15*20 wherein R 2 is C1-10 aikoxy. 

10 

22) An compound of formula (VI): 




(vl) 



wherein 

P is as defined in claim 14 , R 1 is as defined in claim 7 and R 2 is as defined in claim 
15 8. 

23) Use of at least one of the compounds of formula (V) and/or formula (\/|) for the 
manufacture of compounds of the formula (IV) 
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Summary c 0203B 

New method for the production of monomers useful in the manufacture of 
semlconductive polymers 

5 

The instant invention relates to a new method for the synthesis of monomers and their 
use inter alia in the manufacture of semlconductive polymers. Monomers, in particular, 
asymmetric monomers, such as asymmetric fluorene compounds, are valuable materia! 
In the manufacture of semfconductive polymers. Trie Know methods for producing 
10 asymmetric monomers, such as asymmetric fluorene compounds, are expensive due to 
the formation of by-products. 

The method according to the present Invention avoids the formation of such by-products 
and Is described in more detail in claims 1 to 14. 



